Background: The aim of this study was the development and validation of a short list of food items to assess the intake of total fat, saturated, mono-unsaturated, polyunsaturated fatty acids, and cholesterol. The short list should be able to correctly classify persons according to their intake. Methods: A short list of 20 food items was selected out of 1009 seven-day food records by means of the variance-based method Max_r. This list was validated using data from a further 479 persons who completed seven-day food records (validation sample 1, VS1) as well as a food frequency questionnaire (validation sample 2, VS2). The intake of total fat, different fatty acids, and cholesterol from the complete VS1 (VS1 complete ) and from the complete VS2 (VS2 complete ), respectively, was computed. Further, the intake in VS1 (VS1 short ) as well as in VS2 (VS2 short ) using only the 20 food items on the short list were calculated. Results: Pearson correlation coefficients between the intake calculated from the items on the short list and the nutrient intake calculated from the full instrument in VS1 and VS2, respectively, were r=0.81-0.91. In a quartile's cross-classification 53.4-64.1% of the participants were assigned to the same quartile. When comparing VS1 complete with VS2 short , neither correlation coefficients nor the cross-classification differ much from the comparison of VS1 complete with VS2 complete . Conclusions: The short list shows good results in both validation samples. Thus, the short list can assess the variability of fat intake and classify persons according to their intake.
quantitative precision versus classification or ranking of individuals. Much research has been performed to assess the intake as precisely as possible. Such precision is not always necessary for epidemiologic research since less precise methods locating individuals in broad categories of low, medium and high intake would still permit the examination of nutritional hypotheses and the assessment of dose-response relationships. 1 Short food frequency questionnaires are of special interest when the assessment of an individual's nutrition is not the main focus of a study. In studies that need only a rough classification of their participants into groups with low, medium or high nutrient intake, a short questionnaire can be an appropriate alternative to a more complex method such as an extensive food frequency questionnaire (FFQ) or a dietary record, which are often expensive in administration and time-consuming especially in large studies. For these reasons, shorter instruments for the qualitative assessment of special nutrients were developed. [2] [3] [4] [5] [6] These short questionnaires estimate the intake of one or just a few nutrients by asking for the consumption of a few, e.g. 10 to 50, food items. 4, 7, 8 There are different ways to develop a short questionnaire. The 'nutrient consumption approach' was first used by Block et al. 5, 9 They selected those food items that contribute most to the intake of the questioned nutrient in the total population. Willett et al. 10 proposed the 'variance based approach' that chooses those foods explaining best the between-person variance in nutrient intake. One way to choose these foods is a stepwise regression analysis, another one is Max_r. 11 Max_r maximizes the Pearson correlation coefficient r between the nutrient intake calculated from the long list of items and the intake estimated from the subset of items that explains best the between-person variation of the nutrient intake. The aim of the reported study was to develop a short list to qualitatively estimate the intake of total fat, saturated, mono-unsaturated and polyunsaturated fatty acids as well as cholesterol. In addition, the paper describes the validation of the short list and discusses its advantages and disadvantages. Between 1985 and 1989, 24,632 persons from all over the former West Germany participated in the Food Consumption Study (Nationale Verzehrsstudie, NVS). The participants of the NVS are a representative subsample of German inhabitants with respect to sex, age and region. These participants completed a seven-day food record. The food items in the food records were summed into 212 food groups. A representative sub-sample of 1502 persons, aged between 35 and 64 years, was used in our study. These subjects were asked to additionally fill in an extensive FFQ in 1993; 561 sent it back. This FFQ covered 148 food items. 12 Its validation has already been described in detail. 13 To calculate the nutrient intake of the FFQ as well as of the seven-day food records, the German Food Code and Nutrient Data Base (BundesLebensmittel-Schlüssel, BLS) version II.2 was used. 14 Eighty-two of the 561 subjects were excluded because of missing data. In total, data of a seven-day food record and a FFQ were available from 479 persons. It was decided to use this group as two validation samples: Validation sample 1 (VS1) comprised the seven-day food records, validation sample 2 (VS2) included the FFQ. To select the foods for the short list, the remaining seven-day food records (for which no FFQ data were available) were used (Model Sample, MS). Fourteen of these remaining seven-day food records were excluded because of underreporting.
METHODS

Subjects
Underreporting was defined according to Goldberg et al. 15 and an energy intake/basal metabolic rate ratio of 0.92 was the cut-off point. In the end, the MS comprised 1009 subjects. No participants of the validation samples had to be excluded due to underreporting. Participants of the validation samples were comparable with those of the model sample by age as well as body weight and size (table 1) . However, the validation sample included more women than men, whereas the model sample has more male participants. Participants of the validation sample are slightly better educated than the participants of the model sample and they are more often married.
Development of the short list
The food items for the short list were selected from MS by using the variance-based method Max_r, version 3.0 (maximizing Pearson correlation coefficient r) developed by Mark et al. 11 From a sample of k food items (in this study k = 212), Max_r selects a subset of L foods (L << k), that best preserves the between-person variance in nutrient intake. The adequacy of the chosen subset of foods is measured by the Pearson correlation coefficient r between the nutrient intake calculated from the complete list of items and the intake estimated from the subset of items. For selecting the subset of food items Max_r first chooses the food item that maximises the Pearson correlation coefficient r best. Then, given that one, chooses in a second step the best item from those remaining etc. To develop a list with the help of which it is possible to estimate the intake of total fat, saturated, mono-unsaturated and polyunsaturated fatty acids as well as cholesterol, first a subset of food items for each of the five nutrients was developed. A cumulative Pearson correlation coefficient of r >0.9 was defined as a cut-off point for the inclusion of food items in the subset of each fat component. Secondly, these subsets were combined to one list by including first all items that appeared in five subsets, then all items that appeared in four and finally in three of the five subsets. Since food items that determine the between-person variation of the cholesterol intake are underrepresented in the best subsets of the other fat components, three more items only selected for the subset of cholesterol were included in the short list. In the end, the short list enclosed 20 food items. 
Assessing the intake of dietary fat
Validation of the short list For validation, the intake of each of the five nutrients was calculated from the complete model sample (MScomplete) as well as from the model sample using only the 20 food items of the short list that were selected by Max_r (MSshort). In addition, the intake of total fat, fatty acids and cholesterol were computed from the complete food records in VS1 (VS1complete) and from the complete FFQ in VS2 (VS2complete), respectively. We further calculated the intake from VS1 (VS1short) as well as from VS2 (VS2short) using only the 20 food items selected by Max_r. Table 2 summarizes the data sets used in this validation study.
Pearson and Spearman correlation coefficients between the calculated fat intake from MScomplete and MSshort, between VS1complete and VS1short as well as between VS2complete and VS2short were computed. Furthermore, the ability to classify participants according to the intake correctly was measured by cross-classification of quartiles.
In the cross-validation the intake calculated from VS1 were compared with the calculated intake from VS2. The dietary assessment method in VS1, the seven-day food record, was assumed to be the more precise instrument compared to the FFQ. Due to that, Pearson correlation coefficients between the intake from VS1complete and VS2complete were computed as well as correlation coefficients between the intake from VS1complete and the intake from VS2short for total fat, fatty acids and cholesterol. Quartile's cross-classifications were computed as well. SPSS for Windows 6.1 was used to perform validation.
RESULTS
The selection of the food items and the food items themselves are explained in Table 5 shows the percentage of participants that are assigned to the same, an adjacent or the opposite quartile in the cross-validation. When comparing the complete instruments, 30-34% of the participants were assigned to the same quartile and 6-8% were grossly misclassified. Again, these numbers did not change substantially when comparing the classification by VS1complete with the classification by VS2short.
DISCUSSION
It was the aim of this study to develop a short list to assess the intake of total fat, saturated, mono-unsaturated and polyunsaturated fatty acids as well as cholesterol in a qualitative way. To achieve this, a short list of foods was developed for each of the five fat components in the first step. In a second step, these five lists were combined into one consisting of 20 food items. The method Max_r 11,16 was used to select the food items for the five short lists. Donald and Mark 16 formulated the criterion of the Max_r method by choosing the optimal subset of foods for inclusion when the intent of the questionnaire is to study the effect of variation in the nutrient intake on disease rate. They were able to show that food items selected by Max_r were more appropriate than those selected by stepwise regression analysis to estimate the effect of the nutrient intake on the risk of disease by means of logistic regression. 11 Mark et al. 11 compared Max_r with stepwise regression analysis and recommended Max_r as an optimal method to develop a short questionnaire from the statistical point of view. When using the results of stepwise regression analysis, the regression coefficients estimated by the regression analysis have to be used to estimate the nutrient intake. This is rarely done, but without using these regression coefficients, the results (the estimated nutrient intake) include uncertainties, that can hardly be estimated. Wappler et al. 2 used Max_r as well as stepwise regression analysis to develop a short list of food items that best preserves inter-individual variance in β-carotene intake. Both methods led to similar selected food items. The validation of their short list showed that Max_r can be recommended as a method to design a short questionnaire. The selected food items depend to a certain extent on the quality of the data base that is used to calculate the nutrient intake. Wrong data concerning the nutrient concentration in a certain food item can bias the food selection for a short list and therefore lead to food lists that are not appropriate. We used the German Food Code and Nutrient Data Base (BLS II.2), which was the best German database available when conducting this study. The 20-item food list explained >80% of the betweenperson variance in total fat, saturated, mono-unsaturated and polyunsaturated fatty acids as well as cholesterol intake in the model sample, but only 50-60% of the total intake of these nutrients (data not shown). This is not a disadvantage of the short list since it is usually not possible on the basis of a short food list to estimate the absolute intake of a nutrient and to determine its relative rank. As the differences among individuals might be more important than the absolute intake in certain epidemiologic studies, the identification of food items that explain between-person variance can be a good guide for the development of a short questionnaire. 17 Kemppainen et al. 18 developed a 21-item questionnaire with a comparable design to the questionnaire of this study. Their questionnaire is an instrument that is able to assess the intake of total fat, cholesterol, saturated fat, mono-unsaturated and polyunsaturated fat and to classify participants according to their intake. The included food items are comparable with those of this study. When comparing the short list of 20 food items developed by Byers et al. 6 to assess fat intake only seven of 20 items are equivalent with the components of the short list developed in our study. The same is true for other questionnaires. 5, 19 These differences are due to the variation of food intake and thus of specific nutrients within different populations. Therefore, short lists that were developed for a certain population cannot be transferred to another population without taking varying dietary habits into consideration. In this study, a West German population of 1009 persons aged between 34 and 65 years was the model sample, and the validation samples were also taken from this population group. In groups of younger or older Germans as well as in groups of non-German inhabitants, a re-validation of the food lists is necessary. The results of the validation study presented here show that it is possible to assess the intake of the five fat components with a short list of 20 foods. Pearson correlation coefficients between the intake assessed from MScomplete and from MSshort varied between r =0.83 and r =0.89 and did not change substantially when comparing VS1complete to VS1short and VS2complete to VS2short, respectively, although the assessment instrument as well as the point of time differs between VS2 and MS. The fact that the correlation coefficients are similar in the model samples as well as in the validation samples emphasizes that the short food list, selected by means of Max_r in the model sample, can be used to qualitatively assess the fat intake in the validation samples without losing relevant information. Correlation coefficients obtained in validation studies comparing a full FFQ with a short version were similar to those of this study. The Pearson correlation coefficient in the study of Block et al. 5 was r =0.89 between the intake of fat calculated from a full 100-item FFQ and assessed by using just 13 items. In a study of Byers and coworkers 6 the Pearson correlation coefficient r between the intake of total fat from a 121-item FFQ and estimated from only 19 items was r =0.93. The results of the quartile's cross-classification demonstrated that the short list can classify participants correctly according to their nutrient intake. Exact agreement within quartiles ranged from 54% to 66%, whereas gross misclassification always remained below 1%. These results are in the range of a study by Caan and coworkers 20 who validated a short questionnaire by using a complete 60-item FFQ and a short version with only 13 items. When they compared the intake of fat computed from the complete FFQ and from the short version, the exact agreement ranged from 64.9% to 85.5%, and gross misclassification was non-existent. Pearson correlation coefficient between the intake calculated from VS1complete and from VS2complete varied between r =0.25 and r =0.30. These correlations are lower than those observed in other validation studies. 13, 21 One explanation might be that our study is a retrospective validation study with a time interval of 4-6 years between the administration of the seven-day food record and the FFQ. In general, correlations are assumed to be higher in a prospective design. In a prospective validation of a similar FFQ in a pilot study of EPIC, the correlation coefficients between the FFQ and a dietary recall were slightly higher and varied from r =0.28 (cholesterol) to r =0.38 (saturated, mono-unsaturated fat). 13 In a validation study conducted by Willett and coworkers 21 Pearson correlation coefficients between the intake of total, saturated, and polyunsaturated fat as well as cholesterol calculated from a 61-item FFQ and the intake calculated from four one-week food records ranged from r =0.31 to r =0.46. Using VS2short instead of VS2complete, the results of the comparison was quite similar. Of course, the correlation coefficients between VS1complete and VS2short could not be better than those between VS1complete and VS2complete and other studies 22,23 had better results, however, it is important to notice that the correlation coefficients did not worsen much when the intake was calculated using VS2short instead of VS2complete. When comparing the quartile's cross-classification by VS2complete with the classification by VS1complete in this study, 30-34% of the participants were assigned to the same quartile, 6-8% were grossly misclassified. These results are comparable with the prospective validation of the German EPIC FFQ, where 31% to 39% of the participants were classified into the same quintile according to the intake of different kinds of fat. Misclassification was lower than in our retrospective validation of the FFQ. 13 Using VS2short instead of VS2complete for the comparison with VS1complete did not deteriorate the results. This shows that the short list is able to classify people to the extend as the full FFQ although the number of food items is reduced.
Application
The short questionnaire demonstrated an acceptable validity. Most people were classified into the same or an
Assessing the intake of dietary fat adjacent quartile according to their intake of fat, fatty acids, and cholesterol, although misclassification was existent and has to be taken into account when applying the short list. Due to its briefness, this short food list is limited in its use as it is neither able to assess the intake quantitatively nor the percentage of kilocalories from fat. If the assessment of the total diet of a person is intended, a diet record for several days or a longer FFQ should be the method of choice.
If an epidemiological study is performed with the intention to classify persons according to their intake of a special fat component, this short list is very helpful because it can be completed as quickly as it can be reviewed. Furthermore the list could be of use in dietary counselling to distinguish individuals with a high fat intake from those with a low one. 5 For those with a high nutrient intake a food record or FFQ can then be used to determine the person's eating habits in detail and to develop a plan for further interventions. However, before using the proposed short list in epidemiological studies or in nutrition counselling further field studies are needed to determine the validity and its use as a qualitative instrument. A field validation study of this short list is performed within the follow-up of EPIC Heidelberg.
In the past a field validation was performed 24 with a short cholesterol screener, indicating that this kind of instrument is able to screen and identify people with low or high cholesterol intake.
